A Gram-staining-positive, aerobic, non-motile bacterium, designated strain SJ5-8 T , was isolated from seau-jeot (shrimp jeotgal), a traditional fermented seafood in South Korea. Cells were nonspore-forming rods showing catalase-and oxidase-positive reactions. Growth of strain SJ5-8 T was observed at 10-37 6C (optimum, 30 6C), at pH 6.0-9.0 (optimum, pH 7.5-8.5) and in the presence of 0-14 % (w/v) NaCl (optimum, 5 %). Phylogenetic inference based on 16S rRNA gene sequences showed that the strain formed a tight phyletic lineage with members of the genus Brevibacterium. Strain SJ5-8
The genus Brevibacterium, a member of the family Brevibacteriaceae of the phylum Actinobacteria, was first proposed by Breed (1953) with Brevibacterium linens as the type species, the description of which was later emended by Collins et al. (1980) . Species of the genus Brevibacterium with diverse physiological characteristics have been isolated from diverse habitats such as salt lakes (Guan et al., 2010) , poultry manure (Tonouchi et al., 2013) , river water (Kumar et al., 2013) , human skin (Roux & Raoult, 2009 ), activated sludge (Cui et al., 2013; Kim et al., 2013) , paintings (Heyrman et al., 2004) , saline soil (Tang et al., 2008) , moth caterpillars (Katı et al., 2010) and an indoor wall (Kämpfer et al., 2010) . At the time of writing, the genus comprises 48 different species, including the recently described species Brevibacterium siliguriense (Kumar et al., 2013) . Saeu-jeot, a representative Korean traditional fermented seafood, is made by the fermentation of highly salted (approximately 25 %, w/v) shrimp. Spontaneous fermentation of saeu-jeot leads to the growth of diverse micro-organisms and various bacterial species have been isolated from saeu-jeot (Euzéby, 1997; Jeong et al., 2013; Jung et al., 2013) . Here, we describe the taxonomic characterization of a novel species belonging to the genus Brevibacterium isolated from seau-jeot, for which the name Brevibacterium jeotgali sp. nov. is proposed.
Strain T was isolated from saeu-jeot (shrimp jeotgal), fermented shrimps of South Korea, using a previously described procedure with some modifications (Jin et al., 2011) . Briefly, seau-jeot was fermented for 120 days at 15 u C and then a small amount of seau-jeot supernatant was serially diluted using artificial seawater (20 g NaCl, 2.9 g MgSO 4 , 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl, 1.75 g CaCl 2 . 2H 2 O per litre), spread on marine agar (MA; BD) plates and incubated at 25 u C for 3 days. The 16S rRNA genes of isolates grown on MA were PCR-amplified using the universal primers, F1 (59-AGAGTTTGATCMTGGCTCAG-39) and R13 (59-TACG-GYTACCTTGTTACGACTT-39) as described previously (Jin et al., 2011) . The amplicons were double-digested with a mixture of HaeIII and HhaI and their restriction fragment patterns were used as a guide to classify the colonies (Kim et al., 2010) . PCR products with distinct fragment patterns were sequenced and the resulting 16S rRNA gene sequences were analysed using the Nucleotide Similarity Search program (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . From the analysis, a strain belonging to the genus Brevibacterium, designated strain SJ5-8 T , was selected for further phenotypic and phylogenetic analysis. The strain was routinely grown aerobically on MA at 30 u C for 3 days, except where indicated otherwise. The strain was stored at 280 u C in marine broth (MB; BD) supplemented with 10 % (v/v) glycerol for preservation. The type strains of Brevibacterium yomogidense, Brevibacterium daeguense, Brevibacterium salitolerans, Brevibacterium pityocampae and B. linens were used as reference strains for phenotypic comparisons, fatty acid analysis and DNA-DNA hybridization; B. yomogidense MN-6-a T and B. linens KACC 11851 T were gifts from Dr Fujita (Tonouchi et al., 2013) T and related taxa were evaluated using the Nucleotide Similarity Search program. The 16S rRNA gene sequences of 25 species of the genus Brevibacterium with the highest similarities and the type species of the genus Brevibacterium were selected and aligned using the greengenes alignment program (http:// greengenes.lbl.gov/; DeSantis et al., 2006) . Phylogenetic trees using the neighbour-joining (NJ) and maximumparsimony (MP) algorithms were reconstructed by the PHYLIP software (version 3.68; Felsenstein, 2002) . The resulting tree topologies were evaluated using a bootstrap analysis based on 1000 resampled datasets with the PHYLIP package. Maximum-likelihood (ML) analysis with bootstrap values was performed using RAxML-HPC BlackBox on Abe (version 7.3.2) of the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; Stamatakis et al., 2005) T with similarities of 98.9, 97.5 and 97.4 %, respectively. Phylogenetic analysis using the NJ algorithm showed that strain SJ5-8 T formed a tight phylogenetic clade with members of the genus Brevibacterium within the family Brevibacteriaceae with a high bootstrap value (Fig. 1) . The phylogenetic trees built using the ML and MP algorithms also supported that strain T formed a tight phyletic lineage with members of the genus Brevibacterium. T , which showed greater than 97 % sequence similarity, using a previously described procedure . Briefly, extracted genomic DNA for slot hybridization was fragmented by HaeIII digestion. The digested genomic DNA was diluted serially and then different amounts of the fragmented DNA (0, 8, 16, 24, 32, 40, 60, 80, 120 and 160 ng) were blotted onto Hybond-N+ nylon membranes (Amersham Pharmacia Biotech) in three replicates after denaturation using NaOH solution and heating (80 u C). Each DNA (4 mg) fragmented by a HaeIII digestion was used individually as a labelled DNA probe for cross-hybridization. Random-primed DNA labelling with DIG-dUTP and detection of hybrids by enzyme immunoassay on nylon membrane were performed using a DIG High Prime DNA Labelling kit (Roche Applied Science). The hybridization signals were captured and analysed with Bio-Rad Quantity One (v. 4.62). The signals produced by hybridization of the probe to the homologous target DNA were taken to be 100 % and signal intensities from the self-hybridization of the series of dilutions were used for the calculation of the levels of DNA relatedness between strain SJ5-8 T and reference strains. Growth was tested at 30 u C on R2A (BD) agar, laboratoryprepared Luria-Bertani (LB) agar, tryptic soy agar (TSA; BD) and nutrient agar (NA; BD) additionally supplemented to 2 % (w/v) NaCl, and MA. Temperatures and pH for growth of strain SJ5-8 T were examined by growing the isolate on MA at various temperatures (5, 10, 15, 20, 25, 30, 35, 37, 40 and 45 uC) and in MB adjusted to pH 5.0-10.0 at 0.5 pH-unit intervals. Media with different pH was prepared using appropriate biological buffers; Na 2 HPO 4 / NaH 2 PO 4 buffer and Na 2 CO 3 /NaHCO 3 buffer were used for pH below 8.0 and pH 8.0-10.0, respectively (Gomori, 1955) . The pH was checked again after sterilization and adjusted when necessary. Growth at various NaCl concentrations ranging from 0 to 20 % (w/v, at 1 % intervals) was investigated using MB with different NaCl concentrations prepared in the laboratory according to the formula of the BD medium. Gram staining was performed using a bioMérieux Gram-stain kit according to the instructions of the manufacturer. Cell morphology, the presence of flagella and motility were studied using phase-contrast microscopy and transmission electron microscopy (JEM-1010, JEOL) as described previously (Jeon et al., 2004) using cells grown for 1 day and 3 days in MB. Oxidase activity was tested by oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), and catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution (Smibert & Krieg, 1994) . Nitrate reduction test was assessed according to the method of Lányí (1988) . Hydrolysis of casein, starch, tyrosine, Tween 20 and Tween 80 was investigated on MA according to the methods described by Lányí (1988) and Smibert & Krieg (1994) . Substrate utilization as a single carbon and energy source was carried out as described by Isnansetyo & Kamei (2003) T and reference strains were determined by using the API ZYM and API 20NE kits (bioMérieux) and GN2 MicroPlate system (Biolog) according to the instructions of the manufacturers, except that the inocula were prepared by suspending cells in artificial seawater. Anaerobic growth was assessed on MA and on MA supplemented with trimethylamine N-oxide (10 mM), DMSO (10 mM), sodium nitrate (10 mM), sodium nitrite (5 mM) or disodium fumarate (10 mM) under anaerobic (with 4-10 % CO 2 ) conditions using the GasPak Plus system (BBL) at 30 u C for 20 days according to the methods described by Eschbach et al. (2003) and Verma et al. (2011) .
Strain T grew well at 30 u C on R2A agar, LB agar, NA and TSA additionally supplemented to 2 % NaCl and MA. When tested on MA, growth of the isolate was observed at temperatures between 10 and 37 u C, with an optimum growth temperature of 30 u C, and at pH 6.0-9.0, with optimum pH 7.5-8.5. Strain SJ5-8 T grew in MB containing 0-14 % NaCl; optimal growth occurred with 5 % NaCl. Anaerobic growth was observed on MA supplemented with nitrate. However, anaerobic growth was not observed on MA without nitrate or with other supplements tested. Bacterial cells were Gram-staining-positive, non-motile rods, 0.4 to 0.6 mm in width and 1.0 to 1.2 mm in length (Fig. S1 , available in IJSEM Online). More physiological and biochemical characteristics of strain SJ5-8 T are described in Table 1, the species description and Table S1 and compared with those of closely related taxa in Table 1 .
Isoprenoid quinones of strain SJ5-8
T were analysed using a HPLC (model LC-20A, Shimadzu) equipped with a diode array detector (SPD-M20A, Shimadzu) and a reversedphase column (250 by 4.6 mm; Kromasil, Akzo Nobel) as described by Komagata & Suzuki (1988 (Breed, 1953; Collins et al., 1980) . All strains are positive for the following characteristics: Gram staining, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase and acid phosphatase. All strains are negative for growth at 4 u C, motility, hydrolysis of casein, starch, tyrosine and urea, agalactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities, and assimilation of arabinose, mannitol, N-acetyl-glucosamine and maltose. +, Positive; -, negative; W, weakly positive; NA; not available; PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; PIMs, phosphatidylinositol-mannosides; AL, unidentified aminolipid; PL, unidentified phospholipid; GL, unidentified glycolipid. *These experiments were performed in this study under the same conditions using the same methodology. DData are different from those of references. Brevibacterium jeotgali sp. nov.
described by Altenburger et al. (1997) . For the analysis of cellular fatty acids, cells of strain SJ5-8 T and reference strains were harvested at the exponential growth stage from MB broth at 30 uC (at 600 nm, optical density50.8). Fatty acids were saponified, methylated and extracted using the standard MIDI protocol, version 4.0. The fatty acids were analysed by GC (6890, Hewlett Packard) and identified by using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were determined by TLC as described by Minnikin et al. (1977) . DNA G+C contents were determined by the fluorometric method (Gonzalez & Saiz-Jimenez, 2002 ) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Cell-wall peptidoglycan analysis was performed by using TLC after hydrolysis with 6 M HCl at 100 u C for 18 h, as described by Komagata & Suzuki (1988) .
Strain SJ5-8
T contained menaquinone-8 (H 2 ) [MK-8(H 2 )] as the sole respiratory isoprenoid quinone. The polyamine pattern consisted of putrescine and cadaverine as the major components, which was in accordance with members of the genus Brevibacterium (Altenburger et al., 1997) . The DNA G+C content of strain SJ5-8 T was 69.3 mol%, which was similar to those of other type species belonging to the genus Brevibacterium. Strain SJ5-8 T contained mesodiaminopimelic acid as the cell-wall diamino acid. The major polar lipids were phosphatidylglycerol (PG) and diphosphatidylglycerol (DPG), which was consistent with those of other type strains of the genus Brevibacterium (Fig.  S2) . However, three unidentified aminolipids and two unidentified phospholipids were also identified as minor polar lipids, which might differentiate the isolate from other species of the genus Brevibacterium (Table 1) . The major cellular fatty acids (.5 % of the total fatty acids) were anteiso-C 15:0 (47.2 %), iso-C 15:0 (23.7 %) and anteiso-C 17:0 (18.9 %), which are typical major fatty acids of species of the genus Brevibacterium (Table 2) . Although there were some differences in the presence/absence of some fatty acid components, the major fatty acid profile of strain SJ5-8 T was similar to those of the reference strains. Strain SJ5-8 T shared common characteristics with recognized species of the genus Brevibacterium, i.e., aerobic, non-spore-forming, Gram-staining-positive, non-motile rods, catalase-positive, oxidase-negative, V-form arrangement, polyamine pattern and high G+C content of genomic DNA. However, strain SJ5-8 T was morphologically, physiologically and biochemically distinct from closely related species of the genus Brevibacterium as summarized in Table 1 . For example, B. yomogidense MN-6-a T and B. daeguense 2C6-41 T had a rod-coccus cycle, while strain SJ5-8 T did not. Therefore, the phenotypic and phylogenetic features of strain SJ5-8 T support its description as a representative of a novel species within the genus Brevibacterium, for which the name Brevibacterium jeotgali sp. nov. is proposed.
Description of Brevibacterium jeotgali sp. nov.
Brevibacterium jeotgali (je.ot.ga9li. N.L. gen. n. jeotgali of jeotgal, from which the organism was isolated).
Colonies on MA are yellow, circular and convex with entire margins. Cells are Gram-staining-positive, aerobic, nonspore-forming rods, 0.4-0.6 mm wide and 1.0-1.2 mm long. V-form arrangement with two cells is frequently observed. Growth occurs at 10-37 u C (optimum, 30 u C), at pH 6.0-9.0 (optimum, pH 7.5-8.5) and in the presence of 0-14 % (w/v) NaCl (optimum, 5 %). Anaerobic growth is observed on MA supplemented with nitrate. Nitrate is reduced to nitrite, but nitrogen gas is not produced. Hydrolysis of Tween 20 and Tween 80 is observed, but not of casein, starch or tyrosine. Lactose, D-fructose, D-glucose, D-mannitol, Dgalactose, D-raffinose, D-mannose and D-arabinose are not utilized. In API 20NE tests, gelatin is hydrolysed, but not aesculin or urea. In API 20NE tests, indole production, arginine dihydrolase activity, b-galactosidase activity, assimilation of D-mannose, D-mannitol, N-acetyl-glucosamine, Dmaltose, D-glucose, L-arabinose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are negative. In API ZYM tests, alkaline The type strain is SJ5-8 T (KACC 16911 T 5JCM 18571 T ), which was isolated from seau-jeot (shrimp jeotgal), a traditional fermented seafood in Korea. The DNA G+C content of the type strain is 69.3 mol %.
